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ABSTRACT 



A rod lens made of a transparent cylindrical medium having 
a refractive index distribution in the radial direction is used 
as a graded index lens. An object surface and an image 
surface are arranged on both sides of the rod lens. A first 
surface of the lens is a convex spherical surface, and a 
second surface of the lens is a planar surface, and the lens 
is arranged so that the convex spherical surface faces the 
object surface, and the planar surface faces an image surface. 
The equations 



1.0$R/r o *1.6, and 

are satisfied, wherein r 0 is a radius of a portion of the rod lens 
that operates as a lens, measured from an optical axis of the 
lens, R is a curvature radius of the convex spherical surface, 
and f is a focal length of the rod lens. Thus, an object lens 
system with a large NA, that is smaller and lighter, while 
keeping the number of parts to a minimum, can be provided. 
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OBJECT LENS SYSTEM However, if a rod leas having a refractive index distribution 

in the radial direction is produced by ion exchange, there is 

FIELD OF THE INVENTION a limit to the refractive index difference that can be attained, 

The present invention relates to an object lens system , an ? , a rca ^ 12a ^ e . range or n 0 g r 0 is r^ g r 0 =0.71. 

. . . .. r • • »..•»•✓» 5 However, to increase the recording density of recording 

using a single lens with a refractive index distribution (also c t . . , f \ , . 

- b , & „ . , . . . „ . , - . v » , media even further, there is a need for an obiect lens system 

referred to as graded index lens in the following). More , KTA M # . „ 

.„ , 6 , . , with an even larger NA, Moreover, to achieve both a smaller 

specifically, the present invention relates to an object lens , . j * . j.u ^ _* t. * 

r /' . < . « « ,. ,., device and faster access speeds, the number of parts has to 

system using a graded index lens having a convex spherical , , . . . . . . . , 

7 c • . , e i be kept to a minimum, while making the object lens system 

surface on one side and a planar surface on the other side. 3Q sma jjg f an( j ^ nter 

This optical system can be used, for example, for an object B 

lens system of an optical head used for reading information SUMMARY OF THE INVENTION 
stored on an optical disk and writing information onto the 

optical disk. It is an object of the present invention to provide an object 

lens system with a large NA that is smaller and lighter, while 

BACKGROUND OF THE INVENTION 35 the number of parts has been kept to a minimum. 

In all kinds of optical disk systems, such as compact disk A To achl ^ this ob J ect ' ™ lens s y st ™ in a f° r ; 

players or DVD players, optical heads irradiating laser light dancc Wlth the P' esent \ n ™ n *°? comprises a lens made of 

that is focused by an object lens onto a recording plane arc a transparent medium with a refractive index distribution in 

used for reading information from recording media and 20 a radial direction. A j first surface of the lens is a convex 

writing information onto recording media. To increase the spherical surface, and a second surface of the lens is a planar 

recording density of the recording medium, it is necessary to surface The lens is arranged so that the convex spherical 

make the focus spot diameter of the object lens smaller, and surface ^ aces an ° b J ect P lane ' and the P lanar surf ace faces an 

therefore it is preferable that the image-side NA (numerical ima S e P lane ' and the ec l uaUons 

aperture) of the object lens is large. Furthermore, striving for 25 

a reduction of the reproduction and access times, it is i.o^/Vr 0 ^i 6 and (Eq 2) 
important that the object lens is small and light. 

Conventionally, aspherical plastic lenses with NA*<0.45 /1//S1.2 (Eq.3) 

were used for the object lens in compact disk players and afe wherein ig a radius of a ion of ^ , ens 

aspherical molded glass lenses with NA-O.60 were used for 30 ^ ^ ^ & measured from an Q ^ ajds of the 

the object lens in DVD players In any case conventional ^ R fa a mrvmxc radiufi of the conyex hcfical &ud ^ 

object lenses have an outer diameter of several mm and f is a f oca l length of the lens. 

(typically, about 4 mm). With this configuration of an ob j ect lens sys tem, the 

In order to achieve further miniaturization of recording refractive power of the entire lens is increased, and the 

devices using for example optical disks, the object lens itself image-side NA is increased. As a result, if the object lens 

has to be made even smaller. However, since aspherical system is used for an optical head, the recording density of 

lenses are press-formed using a die, it is very difficult to the recording medium can be increased. Moreover, since the 

make miniature aspherical lenses with a diameter of 1 mm object lens system consists of a single graded index lens with 

or less (see "Bishoukougaku Handobukku", p. 6, Optical a certain structure, a smaller and lighter object lens system 

Society of Japan, 1995). can be achieved, while keeping the number of parts to a 

Rod lenses having a refractive index distribution in the minimum and providing for higher access speeds, 
radial direction can be used as optical imaging systems with It is preferable that the radius r 0 of the portion of the lens 
an outer diameter of 1 mm or less. The refractive index that operates as a lens, measured from the optical axis of the 
distribution for this kind of rod lenses can be expressed, for 45 lens, is in a range of 0.05 mm = r o =0.20 mm. This con- 
example, as figuration facilitates the manufacture of the graded index 

lens (especially, when the graded index lens is a rod lens) 
and the processing of the convex spherical surface, while the 

tt^HU(g-rf^ 4 tery^r)*^r)*+. . . } (Eq. 1) entife object leQS system cm fee made smal]er Moreoverj i{ 

wherein r is a distance in a radial direction from the optical so » more Parable that the radius r 0 of the portion of the lens 
axis of the rod lens; n(r) is the refractive index at a distance | hat °P erates 88 a ler^ measured from the optical axis of the 
r in the radial direction from the optical axis of the rod lens; le * s ' " in *™f of °- 10 ™nSr 0= 0.15 mm, most prefer- 
no is a refractive index on the optical axis of the rod lens ab y about 0.125 mm 

(central refractive index); and g, h 4 , h 6 , h 8 , etc. are refractive II 1S P^/able that this object lens system is mounted in 

index distribution coefficients. 55 an °P tlcal head ' in a manner thal the convex s P hencal 

Such a graded index lens can be manufactured, for surface of the lens faces a light source, and the planar surface 

example, from a rod-shaped glass by ion exchange (see for of < he lens faces a recording medium Wah this 

example "Hikarigijutsu Yougo Jiten" 2 nd Ed., by Shuuji configuration, the NA on the side of the recording medium 

KOYANAGI, Optronics, Tokyo 1998, p. 12). Using ion can be increased, and the recording density of the recording 

exchange, a miniature lens with an outer diameter of not 60 medlum can b « increased 

more than 1 mm can be manufactured at low cost. . It is preferable that the lens is a rod lens, whose refractive 

Furthermore, since the material itself has a positive refrac- mdex distribution is expressed by Eq. 1, i.e. 
tive power, simple rod lenses having planar surfaces on both 

ends can be used as object lenses. nWW-fi-te-^Crrr^rr+A.Cg-rA. . . (Eq. i) 

r lne refractive power of a rod lens having the refractive 65 

index distribution of Eq. 1 can be expressed by n 0 *gT 0 . The wherein r is a distance in a radial direction from the optical 

larger this value, the larger is the NA of the object lens. axis of the rod lens, n 0 is a refractive index on the optical 



11/25/2003, EAST Version: 1.4.1 



6,078, 

3 

axis of the rod lens, and g, h 4 , h 6 , h fi) etc. are refractive index 
distribution coefficients. 

In this case, it is preferable that the refractive index n 0 on 
the optical axis of the rod lens is in a range of 
1.40^^^1,80, This range for the refractive index no is 5 
governed by the range which can actually be achieved for 
example with ion exchange. It is also preferable that a 
product n 0 g r 0 is in a range of 0.45^n o g-r o ^0.71, where 
the refractive index on the optical axis of the rod lens 1 is Hq, 
the radius r 0 is the radius of the portion of the rod lens that 1Q 
operates as a lens, measured from the optical axis of the rod 
lens, and the coefficient g is a coefficient for the refractive 
index distribution. If n 0 gT 0 is less than 0.45, the NA cannot 
be increased (the lens cannot be made brighter) and if n^gro 
exceeds 0.71, it is difficult to manufacture the rod lens for 
example by ion exchange. It is also preferable that the 15 
refractive index distribution coefficient h 4 is in a range of 
-1.5 ^h 4 ^2.5. With this configuration, the spherical aber- 
ration of the entire object lens system can be suitably 
corrected. Moreover, it is also preferable that L 2 /r 0 is in the 
range 1^/^^0.37, wherein L2 is a distance between the 20 
planar surface of the lens and the image plane. With this 
configuration, the spherical aberration of the entire object 
lens system can be corrected easily. Furthermore, it is also 
preferable that L^Tq is in the range 5 = 1-^0^ 20, wherein L A 
is a distance between the object plane (light source in an 25 
optical disk system) and the convex spherical surface of the 
lens. Usually, an optical fiber with an NA of about 0.05 to 
0.2 is used as a light source in an optical disk system, so that 
by using the object lens system for such a finite system the 
widening of the light from the light source can be matched 3Q 
with the diameter of the rod lens, and the loss of light energy 
can be kept low. Moreover, it is also preferable that the 
distance L a between the image plane and the convex spheri- 
cal surface of the lens is infinite. Such an infinite system is 
useful when using a parallel light beam for the light source. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional diagram of an object lens 
system in accordance with the present invention. 

FIG. 2 is a perspective view of a rod lens used for an 
object lens system in accordance with the present invention. 40 

FIG. 3 is a graph of the refractive index distribution in a 
rod lens used for an object lens system in accordance with 
the present invention. 

FIG. 4(A) is a cross-sectional diagram of Example 1 of an ^ 
object lens system in accordance with the present invention. 
FIG. 4(B) is a graph of the lateral spherical aberration of the 
object lens system in FIG. 4(A). 

FIG. 5(A) is a cross-sectional diagram of Example 2 of an 
object lens system in accordance with the present invention. 
FIG. 5(B) is a graph of the lateral spherical aberration of the 50 
object lens system in FIG. 5(A). 

FIG. 6(A) is a cross-sectional diagram of Example 3 of an 
object lens system in accordance with the present invention. 
FIG. 6(B) is a graph of the lateral spherical aberration of the 
object lens system in FIG. 6(A). 55 

FIG. 7(A) is a cross-sectional diagram of Example 4 of an 
object lens system in accordance with the present invention. 
FIG. 7(B) is a graph of the lateral spherical aberration of the 
object lens system in FIG. 7(A). 

FIG. 8(A) is a cross-sectional diagram of Example 5 of an 60 
object lens system in accordance with the present invention, 
FIG. 8(B) is a graph of the lateral spherical aberration of the 
object lens system in FIG. 8(A). 

FIG. 9(A) is a cross-sectional diagram of Example 6 of an 
object lens system in accordance with the present invention. 65 
FIG. 9(B) is a graph of the lateral spherical aberration of the 
object lens system in FIG. 9(A). 



4 

FIG. 10(A) is a cross-sectional diagram of Example 7 of 
an object lens system in accordance with the present inven- 
tion. FIG. 10(B) is a graph of the lateral spherical aberration 
of the object lens system in FIG. 10(A). 

FIG. 11(A) is a cross-sectional diagram of Example 8 of 
an object lens system in accordance with the present inven- 
tion. FIG. 11(B) is a graph of the lateral spherical aberration 
of the object lens system in FIG. 11(A). 

FIG, 12(A) is a cross- sectional diagram of the Compara- 
tive Example of an object lens system in accordance with the 
present invention. FIG. 12(B) is a graph of the lateral 
spherical aberration of the object lens system in FIG. 12(A), 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following is a detailed description of the preferred 
embodiments of the present invention, with reference to the 
accompanying drawings. 

In accordance with the present invention, an object lens 
system comprises (a) a rod lens 1 having a cylindrical 
transparent medium as shown in FIGS. 1 and 2, which has 
a refractive index distribution in the radial direction and is 
used as a graded index lens, and (b) an object plane 2 and 
an image plane 3 which are arranged on respective sides of 
the rod lens 1. The surface on one side of the rod lens 1 is 
a convex spherical surface la, and the surface on the other 
side is a planar surface lb. The convex spherical surface la 
faces the object plane 2, and the planar surface 16 faces the 
image plane 3 of the rod lens 1. In FIG. 1, an aperture stop 
4 is further provided at the vertex of the convex spherical 
surface la of the rod lens 1. 

The refractive index n of the rod lens 1 has a distribution 
in the radial direction as shown in FIG. 3, which can be 
expressed by 

«(r)W-{l-Cg 0 2 ^4(gT) 4 +A 6 C^r)^ e (g-r) 8 + . . . } (Eq. 1) 

wherein r is the distance in the radial direction from the 
optical axis lc of the rod lens 1, n(r) is the refractive index 
at the distance r in the radial direction from the optical axis 
lc of the rod lens 1, n 0 is the refractive index on the optical 
axis lc of the rod lens 1 (central refractive index), and g, h 4 , 
h 6 , h 8 etc. are the coefficients for the refractive index 
distribution. 

An object lens system in accordance with this embodi- 
ment satisfies the equations 

1.0^R/r o £l.6 (Eq. 2) 

(Eq. 3) 

wherein r 0 is the radius of the portion that functions as a lens 
measured from the optical axis lc of the rod lens 1, that is, 
the radius of the effective lens portion of the rod lens 1, R 
is the curvature radius of the convex spherical surface la, 
and f is the focal length of the rod lens 1. The radius r 0 of 
the effective portion of the rod lens 1 can be defined, for 
example, as "the range where the RMS wave front aberra- 
tion on the optical axis lc is below 0.07X". The radius r 0 of 
the effective portion of the rod lens 1 has an influence on the 
refractive power of the rod lens 1, and is one of the design 
parameters for the rod lens 1. In practical rod lenses 1, the 
refractive index distribution at a peripheral portion of the 
lens often deviates from the design value, so that this portion 
of the rod lens does not function well as a lens. For example, 
even when the actual outer diameter is 0.5 mm, if the 
effective lens diameter is actually 0.4 mm, then r 0 is 0.2 mm. 

It is preferable that the radius r 0 of the effective lens 
portion of the rod lens 1 is 0.05 mm §r o ^0.20 mm. If the 
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radius r 0 of the effective lens portion of the rod lens 1 is less 
than 0.05, then manufacturing of the rod lens 1 and the 
polishing of the convex spherical surface la becomes diffi- 
cult. If the radius r 0 is more than 0.20, the object lens system 
cannot be miniaturized. 

Moreover, it is even more preferable that the radius r 0 of 
the effective lens portion of the rod lens 1 is 0,10 
mm = r 0 =0.15 mm, most preferably about 0.125 mm. 

If the surface of this rod lens 1 on the side of the object 
plane 2 is a convex spherical surface la and the equations 
(Eq. 2) and (Eq. 3) arc satisfied, the refractive power of the 
entire lens is increased, so that the NA on the image side can 
be increased. As a result, this rod lens 1 can increase the 
recording density of a recording medium, if the convex 
spherical surface la faces the light source and the planar 
surface lb faces the recording medium in the optical head. 
Moreover, this object lens system is made of a single graded 
index lens (rod lens 1), keeping the number of parts to a 
minimum, which allows a smaller and lighter device, so that 
faster access can be accomplished. 

The realizable value for the refractive index n 0 oi 
optical axis lc of the rod lens (central refractive index) 
depends on the rod lens material (glass or plastic), and is in 
the range of 1.40in 0 ^l .80. 

The brightness of the rod lens 1 is governed by the 
aperture angle, which indicates the range over which the lens 2 s 
accepts light. The aperture angle 9 (°) can be expressed by 



10 



is 



20 



(Eq.4) 



It is assumed that a monochromatic light source such as 
a laser is used for the light source. It is preferable that the 
wavelength K of this light source is 0.3 /mi -2.0 ^m. For 
wavelengths X of less than 0.3 /mi, the transmittivity of the 
rod lens 1 typically reduces, and if the wavelength \ is more 
than 2.0 /mi, the spot diameter at the focus becomes large 
and the recording density of the recording medium 
decreases. 

Moreover, assuming that an optical fiber with an NA of 
about 0.05-0.2 is used for the light source, it is preferable 
that the object lens system is used as a finite system, where 
the distance L a between the object plane 2 and the convex 
spherical surface la of the rod lens 1 satisfies the condition 
5^L 3 r 0 ^20. If a single mode fiber is used for the light 
source, it is more preferable that the condition 8^ 1^/^12 
is satisfied, because then the NAis about 0.1. By using the 
rod lens 1 in such a finite system satisfying these conditions, 
the widening of the light beam from the light source can be 
matched to the diameter of the rod lens 1, and the loss of 
light energy can be kept low. However, if parallel light is 
used for the light source, the system can also be designed as 
an infinite system wherein the distance L a between the 
object plane 2 and the convex spherical surface la of the rod 
lens 1 is infinite. 

Table 1 lists specific examples. 

FIGS. 4 to 11 correspond to the Examples 1 to 8 in Table 
1, whereas FIG. 12 corresponds to the Comparative 
Example in Table 1. Each of those diagrams shows (A) the 
configuration of the object lens system, and (B) its lateral 



spherical aberration. In the diagrams (A) of the object lens 
It is preferable that the product n 0 g-r 0 is in the range of 30 system, numeral 1 denotes the rod lens, numeral 2 denotes 



0.45^ivg*r o ^0.71. If ivgT 0 is less than 0.45, the NA 
cannot be increased (the lens cannot be made brighter) and 
if n 0 g r 0 exceeds 0.71, it is difficult to manufacture the rod 
lens for example by ion exchange. 

Using a rod lens 1 with a refractive index distribution 
expressed by Eq. 1, spherical aberration of the entire object 
lens system can be corrected through the refractive index 
distribution coefficients h 4 , h 6 , h 8 , etc. If, for reasons of 
simplicity, h 6 and higher terms are set to zero, and the 
refractive index distribution of the rod lens 1 is approxi- 
mately 



(Eq.5) 



then it is preferable that the refractive index distribution 
coefficient h 4 is in the range of -1.5 = h 4 ^ 2.5, because it is 
very difficult to manufacture a rod lens 1 having a refractive 
index distribution outside this range. Moreover, even when 
h 6 and higher terms are included, spherical aberration can be 
corrected if h 4 is within this range. 

If Lj/rQ, wherein is the distance between the planar 
surface lb of the rod lens 1 and the image plane 3, satisfies 



(Eq.6) 



the spherical aberration of the entire object lens system can 
be corrected easily. Lj is also referred to as the "working 
distance". 

An object lens system having this configuration is 
mounted in an optical head so that, for example, the convex 
spherical surface la of the rod lens 1 faces the light source, 
and the planar surface lb faces the recording medium. 
Because the diameter of the rod lens 1 is extremely small, 
and the distance between planar surface lb and the image 



the object plane, numeral 3 denotes the image plane, and 
numeral 4 denotes the aperture stop. In the diagrams (B) of 
the lateral spherical aberration, the end of the vertical axis 
indicates the inner edge of the aperture stop 4. 

As can be seen from Table 1 and the FIGS. 4 to 12, the 
NAon the image side is 0.556 in the case of a simple rod lens 
wherein both lens surfaces are planar surfaces (Comparative 
Example), whereas with the Examples 1 to 8, a large value 
of at least 0.6 can be attained for the NA on the image side, 
and the spherical aberration can be corrected. Especially 
with lens design parameters as in the Examples 1 to 3, an 
especially preferable result of at least 0.7 NA on the image 
side can be attained. However, when the curvature radius R 
of the convex plane la becomes very small as in Example 
8, a correction of the spherical aberration by adjusting only 
the refractive index distribution coefficient h 4 is difficult, and 
it is necessary to set the refractive index distribution coef- 
ficient h 6 to an appropriate value as well. 

In the present embodiment, an aperture stop 4 is provided 
at the vertex of the convex spherical surface la of the rod 
lens 1, However, since in the present invention only the 
paraxial image is used, the aperture stop 4 in an actual 
product can be provided by an integrated frame portion such 
as a lens holder. 

Furthermore, in the present embodiment, a rod lens 1 has 
55 been given as an example for a graded index lens, however, 
the present invention is not limited to this rod lens 1, and can 
be any transparent medium having a refractive index distri- 
bution in the radial direction, which has a convex spherical 
surface on one side and a planar surface on the other side. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The embodiments disclosed in this application are to 
be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 



35 



40 



45 



50 



60 



plane 3 is very small, the object lens system can be mounted 65 appended claims rather than by the foregoing description, all 
in the optical head in a position where it is very close to the changes that come within the meaning and range of equiva- 
recording medium. lency of the claims are intended to be embraced therein. 
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TABLE 1 



Comp. 





Ex. 1 


Ex. 2 


Ex. 3 


Ex. 4 


Ex. 5 


Ex. 6 


Ex. 7 


Ex. 8 


Ex. 


distance L,(mm) between object and Lens 


1.100 


2.000 


0.800 


CO 


2.000 


1.000 


1.500 


0.800 


1.100 


radius of aperture stop (mm) 


0.115 


0.120 


0.110 


0.195 


0.095 


0.048 


0.140 


0.113 


0.115 


lens radius r 0 (mm) 


0.125 


0.125 


0.125 


0.200 


0.100 


0.050 


0.150 


0.125 


0.125 


object-side curvature radius R (mm) 


0.160 


0.180 


0.150 


0.260 


0.160 


0.075 


0.200 


0.140 


CO 


refractive index % on the optical axis 


1.682 


1.682 


1.700 


1.400 


1.800 


1.650 


1.550 


1.600 


1.700 


refractive index distribution coeff. g (mm** 1 ) 


3.05 


3.05 


3.30 


2.07 


2.51 


6.67 


2.80 


3.50 


3.00 


refractive index distribution coefficient h 4 


+1.56 


+0.44 


+2.26 


-1.42 


+2.00 


+0.43 


+0.01 


0 


+0.65 


refractive index distribution coefficient h 6 


0 


0 


0 


0 


0 


0 


0 


+9,3 


0 


lens thickness Zq (mm) 


0.270 


0.262 


0.235 


0.484 


0.296 


0.120 


0.325 


0.244 


0.515 


distance L^mm) betw. lens and image surf. 


0.0331 


0.0398 


0.0453 


0.0280 


0.00984 


0.0148 


0.0499 


0.0400 


0.0402 


effective focal length f(mm) 


0.1501 


0.1583 


0.1377 


0.3058 


0.1484 


0.0718 


0.1955 


0.1421 


0.1961 


NA (image side) 


0.717 


0.711 


0.719 


0.673 


0.618 


0.642 


0.671 


0.768 


0.556 


n 0 * g ' <o 


0.641 


0.641 


0.701 


0.580 


0.452 


0.550 


0.651 


0.700 


0.638 


R/r 0 


1.28 


1.44 


1.20 


1.30 


1.60 


1.50 


1.33 


1.12 




Mo 


8.8 


16.0 


6.4 




20.0 


20.0 


10.0 


6.4 


8.8 


Wr 0 


0.2648 


0.3184 


0.3624 


0.14 


0.0984 


0.296 


0.3327 


0.32 


0.3216 


R/f 


1.066 


1.3371 


1.089 


0.8502 


1.0782 


1.0446 


1.023 


0.9852 





What is claimed is: 

1. An object lens system comprising a lens made of a 
transparent medium with a refractive index distribution in a 
radial direction, wherein 25 
a first surface of the lens is a convex spherical surface, and 

a second surface of the lens is a planar surface; 
the lens is arranged so that the convex spherical surface 
faces an object surface, and the planar surface faces an 3Q 
image surface; 
the equations 



1.Q*R/r 0 %1.6, and 
1.2 

are satisfied, wherein r 0 is a radius of a portion of the lens 
that operates as a lens, measured from an optical axis of the 
lens, R is a curvature radius of the convex spherical surface, 
and f is a focal length of the lens; 

the lens is a rod lens, whose refractive index distribution 
is expressed by 

fl(r)W-{i-(s , 0 2 +*4(g-0 4 ^(g^ fl +^C8-' , ) 8 +. • ■ } 

wherein r is a distance in a radial direction from the optical 
axis of the rod lens, n 0 is a refractive index on the optical 



axis of the rod lens, and g, h 4 , h 6 , h 8 , etc. are refractive index 
distribution coefficients; and 

L 2 /r 0 is in a range of 1^/^^0.37, wherein is a distance 

between the planar surface of the lens and the image 

surface. 

2. The object lens system of claim 1, wherein the radius 
r 0 is in a range of 0.05 mm^r o =0.20 mm. 

3. The object lens system of claim 1, mounted in an 
optical head, so that the convex spherical surface of the lens 
faces a light source, and the planar surface of the lens faces 
a recording medium, 

4. The object lens system of claim 1, wherein the refrac- 
tive index n 0 on the optical axis of the rod lens is in a range 
of 1.40^n 0 ^1.80. 

5. The object lens system of claim 1, wherein a product 
n 0 g r 0 is in a range of OAS^Uq^-Tq ^0.71. 

6. The object lens system according to claim 1, wherein 
the refractive index distribution coefficient h 4 is in a range 
of -1.5^2.5. 

7. The object lens system according to claim 1, wherein 
L^q is in a range of 5=L 3 /r 0 ^20, wherein is a distance 
between the object surface and the convex spherical surface 
of the lens. 

8. The object lens system according to claim 1, wherein 
a distance L a between the object surface and the convex 
spherical surface of the lens is infinite. 
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